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1  | INTRODUC TION








In	 Tasmania,	 the	 distribution	 of	 Tasmanian	 Aboriginal	 people	
prior	 to	 European	 invasion	 is	 core	 to	 a	 number	 of	 pressing	 ques-
tions	in	the	island's	biogeography,	ecology,	conservation	and	cultural	
history.




Fletcher	 &	 Thomas,	 2007a;	 Jackson,	 1999;	 Mariani	 et	 al.,	 2017;	
Thomas	&	Kirkpatrick,	 1996).	 Indeed,	where	 and	how	Aboriginal	
people	 burned	 the	 landscape,	 and	 the	 extent	 to	 which	 this	 had	
landscape-scale	 impacts	 on	 the	 island's	 biota,	 has	 long	 placed	
Tasmania	 at	 the	 centre	 of	 global	 archaeological	 and	 fire	 ecology	
debates	(Bowman,	Perry,	&	Marston,	2015;	Jackson,	1968;	Jones,	
2017;	McWethy	et	al.,	2013).	Past	human	 impacts	on	Tasmania's	
environment	 thus	 remain	 a	 question	with	 significant	 and	 urgent	
implications	 for	 conservation	 and	 landscape	 management	 today	
(Bowman	 &	 Perry,	 2017;	 French,	 Prior,	 Williamson,	 &	 Bowman,	
2016;	Marris,	2016).
At	 its	 broadest	 level,	 understanding	 the	 biogeography	 of	
Tasmanian	 Aboriginal	 resource	 use	 is	 fundamental	 to	 our	 capac-
ity	to	understand	and	manage	Tasmania	as	a	cultural landscape: for 
Tasmanian	Aboriginal	and	non-Aboriginal	people	to	move	together	
towards	 culturally	 sensitive	 conservation	 and	 land	 management	
regimes	 (and	 landscape	narratives)	 that	 recognize	 and	account	 for	
the	 long-term	Tasmanian	Aboriginal	 presence.	Although	 efforts	 in	
this	area	are	increasing,	they	remain	hampered	by	uncertainty	about	









2017;	Cosgrove,	 1999;	DPIPWE,	 2012;	 Fletcher	&	 Thomas,	 2010;	
Mariani	et	al.,	2017).
A	key	 to	 these	discussions	 is	understanding	 the	geographical	
patterns	 of	 past	 Tasmanian	 Aboriginal	 people,	 yet	 to	 date	 there	
has	 been	 no	 holistic	 biogeographical	 assessment	 of	 Holocene	




pockets	 in	 river	 valleys	 in	 the	 island's	 south	 (Allen,	 Cosgrove,	 &	
Garvey,	2016;	e.g.	Cosgrove,	1999).	This	empirically	and	theoreti-
cally	grounded	model	has	strong	archaeological	value,	but	speaks	
to	 a	 period	when	 the	 climate	 and	 resource	 ecology	 of	 Tasmania	
was	vastly	different	to	today:	the	climate	was	significantly	cooler	
and	drier,	sea	levels	lower,	and	both	the	nature	and	distribution	of	
vegetation	 communities	were	 dramatically	 distinct	 (e.g.	D’Costa,	
Grindrod	 &	 Ogden,	 1993;	 Mackenzie	 &	 Moss,	 2014;	 Petherick,	
Whitlock	 &	 Haberle,	 2013;	 Stahle	 Whitlock	 &	 Haberle,	 2016).	
This	model	therefore	tells	us	little	about	the	Tasmanian	Aboriginal	
biogeography	 of	 Holocene	 Tasmania,	 the	 period	 most	 relevant	
to	understanding	the	 legacy	of	Tasmanian	Aboriginal	 land	use	on	
Tasmania's	modern	landscape.
Settlement	 patterns	 in	 Holocene	 Tasmania	 have	 been	 much	
less	clearly	articulated	and	much	more	subject	to	debate,	and	how	
Tasmanian	Aboriginal	people	distributed	 themselves	across	 the	 is-
land	 has	 never	 been	 holistically	 evaluated.	 Instead,	 research	 has	
been	limited	to	regional-scale	assessments	based	on	local	archaeo-
logical	surveys,	ethnographic	data	and/or	traditional	knowledge	(e.g.	






Aboriginal	 activity	are	poorly	understood.	For	 instance,	 important	
questions	remain	over	the	nature	and	intensity	of	resource	exploita-
tion	 (and	burning)	 of	 dry	 and	wet	 forest,	 coastal	 and	open	 grassy	





ity	modelling	 to	 the	most	 comprehensive	 set	 of	 records	 of	 past	
Tasmanian	Aboriginal	 activity—the	 archaeological	 site	 records	 in	
the	 Aboriginal	 Heritage	 Register	 (AHR)—to	 disclose	 the	 biogeo-
graphical	 patterns	 of	 Tasmanian	 Aboriginal	 occupancy.	 Habitat	
suitability	modelling	 builds	 quantitative	models	 of	 site–environ-
ment	 (or	 species–environment)	 relationships	 from	 observational	
data	and	uses	these	to	estimate	habitat	suitability—and	by	 infer-




potential	 as	 a	biogeographical,	 palaeoecological	 and	archaeolog-
ical	 tool	 (d’Alpoim	 Guedes,	 Crabtree,	 Bocinsky,	 &	 Kohler,	 2016;	
Franklin	et	al.,	2015).
As	our	base	model	we	use	RandomForest	(Liaw	&	Wiener,	2002),	
an	 ensemble	decision	 tree	method	based	on	 classification	 and	 re-
gression	tree	algorithms.	RandomForests	are	widely	recognized	for	
their	capacity	to	produce	good	predictive	models,	are	robust	to	over	
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fitting	 and	 make	 few	 assumptions	 about	 the	 distribution	 of	 vari-
ables	(Howard,	Stephens,	Pearce-Higgins,	Gregory,	&	Willis,	2014).	
They	 have	 consistently	 performed	well	 in	 comparisons	 of	 habitat	
suitability	 modelling	 techniques	 (Hollings,	 Robinson,	 van	 Andel,	
Jewell,	&	Burgman,	2017;	Mi,	Huettmann,	Guo,	Han,	&	Wen,	2017;	








Smith,	 &	 Silander,	 2013)	 and	 limit	 our	 analysis	 to	 artefact	 sites	
(as	opposed	 to,	 for	example,	 rock	engravings	and	burials)	on	 the	
basis	that	these	provide	the	simplest	proxy	for	where	people	were,	
most	often,	through	time.	We	assume	that	with	a	few	key	excep-
tions,	 our	model	will	 reflect	Holocene	 archaeological	 deposition	
patterns	 and	 therefore	 Holocene	 Tasmanian	 Aboriginal	 activity	
because	the	overwhelming	majority	of	artefact	sites	are	 isolated	
artefacts	 and	 artefact	 scatters	 found	 via	 surface	 surveys	 or	 op-
portunistic	finds	(e.g.	Kee,	1990;	Kee	1991).	It	is	well	established	
that	 site	 visibility	 and	 taphonomy	 strongly	 biases	 such	 archaeo-
logical	assemblages	towards	younger	sites	 (Surovell,	Byrd	Finley,	
Smith,	Brantingham,	&	Kelly,	2009;	Williams,	Ulm,	Cook,	Langley,	
&	Collard,	2013);	 the	clear	 implication	 is	 that	most	artefact	sites	
in	the	AHR	will	most	likely	date	from	the	more	recent	past,	when	
pollen	 records	 from	 around	 Tasmania	 suggest	 that	 vegetation	













of	 the	Tasmanian	 landscape.	 They	 are,	 therefore,	 a	 pragmatic	 and	
appropriate	 platform	 upon	 which	 to	 develop	 and	 test	 landscape-
scale	 ideas	 about	 the	 relative	 intensity	 of	 previous	 human	 occu-




1.	 Which	 types	of	 landscape	have	 the	greatest	 (and	 least)	archae-
ological	 evidence	 for	 Tasmanian	 Aboriginal	 occupation?	 and
2.	 What	 are	 the	 ramifications	 for	 existing	 theoretical	 models	 of	
Holocene	Tasmanian	Aboriginal	activity?
2  | MATERIAL S AND METHODS
2.1 | Study area
Tasmania	is	a	cool	temperate	continental	island	that	lies	to	the	south	





ged	mountain	 ranges	 trending	NW-SE.	These	 ranges	 intercept	 the	









mosaic	 is	 governed	 by	 a	 complex	 interaction	 of	 soil	 fertility,	 soil	
drainage	and	fire,	with	the	relative	importance	of	these	factors	still	a	
major	topic	of	debate	(e.g.	Bowman	&	Perry,	2017).
The	 east,	 in	 contrast,	 lies	 in	 rain	 shadow,	with	most	 areas	 re-
ceiving	rainfall	of	500–800	mm/year.	The	relief	is	lower	and	gentler,	
with	 the	main	 relief	 feature—the	 Eastern	 Tiers—typically	 reaching	
just	 600–800	 m	 (see	 Figure	 1).	 The	 dolerite-dominated	 geology	
(granite	in	the	north-east)	supports	generally	fertile	soils,	although	
there	 are	 also	 areas	 of	 leached	 sandy	 substrates.	 Dry	 sclerophyll	
forest	 dominates,	with	 patches	 of	 open	 sclerophyll	woodland	 and	
tussock	 grassland.	 Exposed	 hill-tops	 generally	 support	 dry,	 open	 
Allocasuarina	woodlands	(Fensham,	1989).	Soil,	fire	and	local	topo-
graphy	 are	 important	 mediators	 of	 fine-scale	 ecological	 distribu-
tions,	 with	 bedrock	 geology	 tightly	 linked	 to	 both	 the	 over-	 and	
under-storey	characteristics	of	the	eastern	sclerophyll	communities	
(Fensham,	1989;	Kirkpatrick	&	Nunez,	1980).





Plateau	 lies	 the	Midlands,	 Tasmania's	 only	 significant	 inland	 plain	
(see	Figure	1).	Lying	between	the	Central	Plateau	and	the	Eastern	
Tiers,	 the	Midlands	 is	 the	 driest	 region	 of	 Tasmania	 and	 supports	
mainly	dry	sclerophyll	forest	and	open	woodlands	(Fensham,	1989).
These	 biogeographical	 contrasts	 have	 been	 stable	 throughout	
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maps	do	not	 reasonably	 represent	 their	accessibility	 to	Tasmanian	
Aboriginal	people.
Bioclimatic	 variables	were	 extracted	 from	 the	WorldClim2	da-
tabase	 (Fick	&	Hijmans,	 2017);	 geological	 variables	 from	 the	 Land	













To	 protect	 sensitive	 site	 location	 information,	 only	 the	 envi-
ronmental	 co-variates	 were	 passed	 on	 to	 the	 research	 team.	 The	
geolocation	data	were	discarded	 immediately	after	the	co-variates	
F I G U R E  1  Geographical	context	of	the	study	area	showing:	(a)	elevation	across	Tasmania;	(b)	major	geological	units	(Geoscience	
Australia,	2012);	(c)	mean	annual	precipitation	derived	from	the	WorldClim	2	dataset	(Fick	&	Hijmans,	2017);	(d)	reconstructed	pre-1750	
vegetation	communities	(Department	of	the	Environment,	2014)
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We	modelled	 the	 landscape	distribution	of	all	 artefact	 sites	 in	 the	




















using	 the	 variable	 selection	 procedure	 described	 in	 Genuer	 et	 al.	
(2010).	We	 specifically	 used	 the	 variant	 described	 by	 the	 authors	
for	instances	where	the	objective	is	the	interpretation	(as	opposed	
to	 parsimonious	 prediction)	 of	 response	 variables	 (see	 Genuer	 et	
al.,	2010).	Taking	 the	 final	 set	of	variables	selected	by	 the	Genuer	




eters	 and	 this	 variable	 subset.	We	 evaluated	 model	 performance	
using	the	AUC	score,	kappa	score,	and	out-of-the	bag	 (OOB)	error	
rates	 and	 evaluated	 model	 uncertainty	 using	 bootstrapping	 with	





2.4 | High and low suitability habitat analysis









analysis	 of	 the	 biogeographical	 characteristics	 of	 these	 'high’	 and	
“low”	suitability	data	points,	in	comparison	with	each	other	and	the	




tal	 gradients	 (distance	 to	 coast,	 elevation,	 precipitation	 and	mean	




We ran a MaxEnt species	distribution	model	 analogous	 to	our	 final	
RandomForest	model	to	derive	more	robust	conclusions	by	comparing	
agreement	between	the	methods.	We	used	MaxEnt v.	3.4.0	(Phillips,	
Anderson,	 Dudík,	 Schapire,	 &	 Blair,	 2017),	 run	 within	 R	 using	 the	
'dismo'	package	(Hijmans,	Phillips,	Leathwick,	&	Elith,	2017).	We	ran	


























variable	 importance	 metric.	 These	 are	 followed	 by	 elevation,	 soil	
clay	content	and	topographic	roughness	(Figure	2).	Two	alternative	
6  |     JONES Et al.













F I G U R E  3  Distribution	of	the	highest	(green)	and	lowest	(red)	suitability	grid	cells	according	to	a	RandomForest	model	of	Tasmanian	
Aboriginal	archaeological	artefact	sites	in	the	Tasmanian	Aboriginal	Heritage	Register.	The	green	'high	suitability'	maps	show	the	20%	of	cells	
with	the	highest	model	scores;	the	red	“low	suitability”	maps	show	the	20%	of	cells	with	the	lowest	model	scores
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variable	 importance	 measures—mean	 decrease	 in	 accuracy	 and	
mean	 decrease	 in	 GINI—return	 very	 similar	 variable	 importance	
rankings	 (Fig.	 S1.2	 in	 Appendix	 S1).	 The	 partial	 dependence	 plots	
(Figure	 S1.3	 in	Appendix	 S1)	 indicate	 that	 probability	 of	 presence	
tends	to	decrease	with	distance	to	coast,	roads	and	inland	water,	as	
well	as	elevation.	The	relationship	with	clay	content	and	topographic	









centrated	 around	 the	 coast	 (particularly	 the	 north),	 along	 several	
major	river	valleys	(Derwent,	Tamar	and	Fingal),	across	the	Midlands,	
and	inland	water	bodies	across	the	Central	Plateau	(see	Figure	1	for	
region	 locations).	 Lower	 habitat	 suitability	 pixels	 (Figure	 3b),	 are	
preferentially	distributed	along	mountain	ridges,	the	high	alpine	pla-
teaus,	 the	eastern	uplands	and	parts	of	 the	 lowland	western	 inte-
rior.	Bootstrapping	analysis	indicates	that	the	definition	of	the	coast,	
major	river	valleys,	Midlands	and	Central	Plateau	lakes	as	high	prob-
ability	areas	 is	 robust,	with	>80%	of	50	bootstrap	 runs	predicting	
presence	across	these	areas	(Figure.	S1.4	in	Appendix	S1).










23.19 25.08 27.26 17.70 18.93
Eucalyptus	wet	
sclerophyll
15.12 16.71 11.99 12.59 9.84
Cool	temperate	
rainforest
11.71 2.87 4.89 25.79 22.85
Sedgelands,	rushes	or	
reeds

















4.23 3.67 3.24 4.16 3.09
Heathlands 2.50 4.32 3.29 3.61 2.55
Temperate	tussock	
grasslands
2.10 2.84 3.18 0.53 0.81
Other	Acacia	forests	
and	woodlands
1.42 1.12 0.93 1.12 0.89
Leptospermum	forests	
and	woodlands
1.36 1.04 0.87 2.48 2.38
Unknown/no	data 1.23 3.42 3.09 0.09 0.18




1.11 1.17 0.84 0.52 0.33
aVegetation	designations	for	each	pixel	were	sourced	from	the	National	Vegetation	Information	
System	Pre-1750	Major	Vegetation	Subgroups	layer	(Department	of	the	Environment,	2014).	
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open	shrubby	eucalypt	 forest	and	wet	sclerophyll	 forest,	 followed	
by	 eucalypt	woodland	 (Table	 1).	 The	most	 prevalent	 communities	
in	 low	suitability	cells	are	cool	temperate	rainforest,	open	shrubby	





or	 low	 suitability	 categories.	 In	 contrast,	 eucalypt	 woodlands	 are	
twice	as	strongly	represented	in	high	suitability	habitats	than	across	
the	state	and	almost	un-represented	 in	 low	suitability	habitats,	 in-
dicating	 that	 site	 presence	 is	 actively	 biased	 towards	 this	 vegeta-



































ables	according	 to	permutation	 importance	scores	 (Table	S1.1	 in	
Appendix	S1).	The	jackknife	tests	indicate	that	topographic	rough-






Key	 trends	 in	 the	 marginal	 response	 curves	 (Figure	 S1.8	 in	
Appendix	 S1)	 are	 very	 similar	 to	 those	 in	 the	 RandomForest	 par-
tial	dependence	plots	and	indicate	that	probability	of	the	presence	
tends	 to	 decrease	 with	 increasing	 distance	 from	 coast,	 elevation,	
slope	and	topographic	roughness.
4  | DISCUSSION
4.1 | Which types of landscape have the greatest 













any	 coastal	 landscape;	 and	 (b)	 particular	 types	 of	 inland	 location,	
specifically	those	that	are	flatter,	drier,	lower	elevation	(<450	m)	and/
or	adjacent	 to	some	form	of	 inland	water	 (Figure	4,	Figure	S1.3	 in	
Appendix	S1).	They	can	support	any	vegetation	type	but	are	most	
often	tall	closed	shrubland	or	open	shrubby	forest	on	the	coast,	or	







as	 a	 preference	 for	 Tasmanian	 Aboriginal	 people	 to	 occupy	 these	
types	of	ecological	niche.
Landscapes	 with	 the	 least	 evidence	 for	 Tasmanian	 Aboriginal	
utilisation	can	be	characterized	as	inland	locations	that	are:	(a)	high	
elevation;	 (b)	 steep;	 (c)	wetter	 and/or	 (d)	 topographically	 rough.	A	
sizeable	proportion	is	rain	forest,	open	shrubby	forest,	wet	sclero-
phyll	 forest	or	sedgeland.	Notably,	 they	are	definitively	not wood-
land	landscapes.
4.2 | What are the ramifications for 
existing theoretical models of Holocene Tasmanian 
Aboriginal activity?
Many	aspects	of	our	results	provide	landscape-scale	analytical	sup-
port	 to	 previous	 theories	 of	 Holocene	 Tasmanian	 Aboriginal	 ac-
tivity—largely	 founded	 on	 regional	 archaeological	 investigations,	
ethnographic	 research	 and	 traditional	 knowledge	 (e.g.	 Cameron,	
2011;	Cosgrove,	1999;	Kee,	;	Kee,	1990).	Our	modelling	clearly	sup-






that	 Tasmanian	 Aboriginal	 people	 preferred	 (and	 potentially	 pro-
moted)	more	open	vegetation	structures	(Folco	&	Kirkpatrick,	2013;	
Gammage,	2011;	Jones,	1969).	In	the	north-east,	our	results	support	














dency,	 of	 Tasmanian	Aboriginal	 occupation	 on	 vegetation	 type.	 In	
particular,	our	modelling	challenges	ideas	about	Holocene	usage	of	
Tasmania's	forest	environments.
In	 Tasmania—and	 indeed	many	 other	 parts	 of	 Australia—there	









eral	 studies	 from	 the	 south-eastern	 and	 southwestern	 Australian	









formations	and	evidence	for	 intensive	Aboriginal	 landscape	use,	 in	
Tasmania	or	elsewhere.
Our	model	 also	 provides	 empirical	 evidence	 for	 the	 heteroge-
neity	 of	 landscapes	which	 Tasmanian	Aboriginal	 people	 occupied.	
Alongside	the	trends	described	above,	our	models	show	concentra-
tions	of	 high	 suitability	 pixels	 over	 a	 plurality	 of	 ecological	 niches	
that	cover	the	full	breadth	of	Tasmania's	precipitation,	temperature	
and	elevation	gradients.	There	are	pockets	of	high	habitat	suitability	




heathland	 and	 even,	 to	 some	 extent,	 rainforests	 and	 sedgelands.	
Together,	 this	 highlights	 the	 diversity	 and	 breadth	 of	 ecological	
niches	that	must	be	accounted	for	in	palaeoecological,	archaeologi-
cal,	land	management	and	cultural	heritage	narratives.
4.2.1 | Constraints, potential and future directions 





Aboriginal	 activity	 as	 indicated	 by	 the	 documented	 archaeologi-
cal	 record.	 This	 is	 the	 product	 of	 variable	 and	 imperfectly	 known	
archaeological	 visibility	 and	 survey	 effort,	 and	 while	 we	 applied	
a	 best-effort	 bias	 correction,	 these	methods	 are	not	 able	 to	 com-
pletely	 erase	 the	 influence	 of	 sampling	 bias––particularly	without	
access	 to	 detailed	 sampling	 effort	 information	 (Fourcade,	 Engler,	
Rödder,	&	Secondi,	2014;	Syfert,	Smith,	&	Coomes,	2013).	Our	re-
sults	are,	 therefore,	best	 interpreted	as	an	 integrated	reflection	of	


























jority	of	artefact	sites	 in	 the	AHR	date	 from	the	mid-late	Holocene,	
there	 are	 some	 important	 exceptions	which	must	be	 accounted	 for	
in	model	interpretation.	These	include	the	patches	of	high	suitability	
habitat	 in	 the	 inland	 south-west	 and	 the	West	 Coast	 range,	 which	
reflect	 the	 spatio-environmental	 characteristics	 of	 key	 Pleistocene	
sites	 (Corbett,	 1980;	 Cosgrove,	 Allen,	&	Marshall,	 1990).	 There	 are	
also	a	number	of	important	early	Holocene	sites	in	the	data-set	(e.g.	















Habitat	 suitability	 modelling	 been	 successfully	 used	 in	 other	
contexts,	 for	example,	New	South	Wales,	Australia,	 to	target	 little	
surveyed,	but	biogeographically	promising,	landscape	zones	(Ridges,	
2010).	 Likewise	 our	 bias	 grids	 combined	with	 our	 habitat	 suitabil-








effective	 fire	management	 regimes	 (Press,	2016).	 In	January	2019,	
lightning-ignited	 fires	 burnt	 extensive	 areas	 of	 the	TWWHA;	pre-
senting	a	particularly	important	opportunity	for	using	our	modelling	
outputs	 and	 approach	 for	 systematic	 archaeological	 survey	 to	 re-
solve	some	of	these	critical	questions	 in	Tasmania's	archaeological	
and	ecological	history.
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In	 conclusion,	 this	 research	 draws	 out	 important	 features	 of	








ing	 a	 strong	message	 about	 the	breadth	 and	diversity	 of	 ecological	
niches	utilized	by	Tasmanian	Aboriginal	people.	Whether	 in	archae-
ological,	palaeoecological,	conservation	or	cultural	heritage	contexts,	





Tasmania	 staff	 for	 assistance	 in	 performing	 the	 environmental	
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